Over a 4 year period, 119 acute spinal cord injury (SCI) patients were enrolled in this study. The 101 males and 18 females had a mean age of 35.9 years (range 16-87). Sixty-two patients were tetraplegic and 57 were paraplegic. All patients had a urine specimen taken for culture, colony count and sensitivity once weekly while they were receiving intermittent catheteriza tion. Of these, 22 patients (18.5%), none of whom had underlying genito-urinary (GU) pathology, developed recolonization by an organism of the same species and genus previously cultured. All 22 reached sterile urine between colonizations after being treated with antibiotics for at least 7 days. The 16 males and six females had a mean age of 35.1 years (range 17 -79). Sixteen were tetraplegic and six were paraplegic.
Introduction
Urinary tract infections (UTI) remain a significant problem for the spinal cord injured (SCI) patient throughout his or her life and a major cause of morbidity.
1 Despite the advantages that have accrued from the use of intermittent catheterization (IC) as part of the acute and long term management of SCI Correspondence: WH Donovan patients, urinary colonization and infections continue to occur in many individuals. 2 7 Often, the patients may remain asymptomatic and recommendations have been made that such asymptomatic bacteriuria in the SCI neurpathic bladder should not be treated. 2 Opinions differ however as to what constitutes symptomatic and asymptomatic bacteriuria. Never theless, even when bacteriuria is regarded by the clinician as symptomatic enough to be treated for 7 to 14 days, re-colonization, even with the same organism, can occur. Recolonization by the identical strain has been referred to as relapsing bacteriuria and can have different implications from recolonization by a completely different strain, often referred to as recurrent bacteriuria. g Such implications include genitourinary (GU) diseases like nephrolithiasis or cystolithiasis, chronic prostatitis and chronic pyelone phritis. Difficulty with making the differentiation between relapsing and recurrent bacteriuria arises when the clinical laboratory reports that a patient is recolonized with an organism of the same genus and species as the one previously, because the strain may be different even though the genus/species are the same but the laboratory is usually not able to make this distinction. Recently the authors have described a methodology using plasmid analysis (PA) to determine whether re-colonization of the neuropathic bladder by the same genus/species actually represents relapsing bacteriuria or just recolonization by a different strain of the same genus/species. In that study, it was shown that a common bowel inhabitant (Klebsiella pneumo niae), was capable of recolonizing the neuropathic bladder of SCI patients when the identical strain was found in the bowel and then in the urine on repeated occasions. Plasmid analysis was also able to differ entiate whether the recolonizing organisms were relapsing or recurrent and indicated that the organ isms within the bowel may serve as a reservoir for relapsing bacteriuria. H In the present study we wanted to learn whether and which other Gram negative bacteria were capable of causing relapsing bacteriuria in the SCI urinary tract as well and what clinical implications might be drawn.
Materials and methods

Patient population
Over a 4 year period (1990-1994) 119 recently injured spinal cord patients were enrolled in this study. The 101 males and 18 females had a mean age of 35.9 years (range 16 -87). Sixty-two patients tetraplegic and 57 were paraplegic. All patients had a urine specimen taken for culture, colony count and sensitivity once weekly while they were being treated with intermittent catheterization using the MMG O'Neill catheter. Intermittent catheterizations were performed 4-6 times daily using sterile technique. The urine speci mens were plated on appropriate bacteriological media and subsequent bacterial growth with greater than 100,000 colony forming units (CFU) was identified in the conventional manner. Two colonies of each Gram negative bacterial colonization of the neuropathic bladder that occurred in any of these patients were stored in 30% glycerol -1 % peptone at -70'C. When an episode of bacteriuria was felt by the attending physician to have sufficient symptoms such as fever, incontinence, augmentation of spasticity etc., to warrant treatment, that patient was tracked for the following parameters: duration of antibiotic treatment (selected from the antibiogram), when sterile urine was achieved and whether recolonization occurred. When recolonization with the same genus/species did occur, both the original urine specimen and the second specimen underwent PA to determine whether the orgamsms were identical. Plasmid analysis was performed according to methods previously de scribed. 8 When P A was inconclusive, ie, for those bacteria that had no plasmids, the organisms were then further tested using pulsed-field gel electrophoresis (PFGE). This process examines all of the DNA material rather than only the plasmids. It relies on restriction fragment length polymorphism (RFLP) in the genome of the test strain and is independent of plasmid content. DNA fingerprinting using PFGE/ RFLP technology has been used for epidemiological studies in a variety of organisms. 9 -11
Specimen preparation
Plasmid purification: Plasmid DNA was purified from urinary isolates using the alkaline lysis method descri bed by Portnoy. 12 Bacteria were grown over night in 5 ml L broth. One ml of culture was centrifuged and the bacterial pellet was resuspended in 40,u1 TE (10 mM Tris l , 1 mM EDTA 2 , pH 8.0). Cells were lysed by addition of 600,u1 of fresh lysis buffer (50 mM Tris, 10 mM EDTA, 4% sodium dodecyl sulfate (SDS), pH 12.40-12.45). The samples were then neutralized by addition of 30,ul 2 M Tris (pH 7.0) followed by thorough mixing. Single stranded chromosomal DNA was precipitated by addition of 160 /t! of 5 M NaCI followed by I h incubation on ice. Samples were then centrifuged at 12,500 g for 5 min. The supernatant was collected and the plasmid DNA was precipitated by addition of 550 pI of isopropanol followed by incubation at -20"C for at least 1 h. The DNA was then collected by centrifugation and resuspended in 30 pI of TE. Ten microliter samples were used for agarose gel electrophoresis analysis on 0.7% Tris-Borate gels. 13 DNA preparation for transverse alternating field electrophoresis (T AFE) ie., a form of PFGE: Bacteria were grown overnight in 3 ml of L broth. One ml of culture was centrifuged and the bacterial pellet resuspended in 1 ml EET (100 mM EDT A, 10 mM EGTA 3 , 10 mM Tris, pH 8.0) buffer. Four hundred microliters of bacteria were mixed with 400 pI molten (50°C) InCert agarose (FMC Byproducts, Rockland, MD). This was added to a plug casting mould (Beckman Instruments, Fullerton, CA), and allowed to solidify at 4°C for 30 min. The agar plugs containing bacteria were then incubated at room temperature for 2 h in 12 x 75 mm plastic culture tubes containing 4 ml of lysozyme solution (200 mg/ ml egg white lysozyme, 0.05% sodium lauryl sarcosine). The lysozyme solution was removed, replaced with 4 ml of lysis solution (100 pg/ml of proteinase K, 1% SDS in EET buffer), and incubated overnight at 50°C. The plugs were then transferred to a plastic Petri dish containing 25 ml of stop solution (100 mM of phenylmethylsulfonyl fluoride in TE) and incubated 1 h at room temperature. The stop solution was removed and the plugs were washed four times for 1 h each time with 25 ml of TE. Finally the plugs were transferred to a 12 x 75 mm plastic culture tube containing 4 ml of TE and stored at 4°C prior to use. For RFLP analysis, a sample of the DNA encased in agar was cut from a plug and incubated overnight with restriction endonuclease in 200 /11 digestion buffer supplied by the enzyme manufacturer. DNA restric tion fragments were analyzed using a GeneLine II TAFE system (Beckman Instruments, Fullerton, CA).
Results
Of the 119 patients enrolled in this study, 22 (18.5%) developed recolonization of their urinary tracts by an organism of the same genus/species cultured pre viously. All 22 had at least one sterile urine between colonizations whilst off antibiotics, after they had been treated for at least 7 days with antibiotics chosen on the basis of culture and sensitivities. The sixteen males and six females had a mean age of 35.1 years (range 17 -79). Sixteen were tetraplegic and SIX were paraplegic.
Organisms representing only four genera contrib uted to 34 recolonizations in these 22 patients ( Table  1) . The most commonly found organism was K. pneumoniae followed by E. coli, S. marcescens and P. mirabilis. Urinary tract colonization with other Gram negative bacteria including Acinetobacter sp., Pseudo monas sp., Enterobactor sp. and Citrobacter sp. was also observed but recolonization did not occur. The time between the first and the second colonization was measured from the date of the first sterile urine obtained after treatment for the first colonizations. This first sterile urine was usually noted 2 weeks after the discovery of the first colonization. The mean time from this first sterile urine after completion of treatment to the second colonization is shown in Table 1 . There was no significant difference between the four organisms with respect to the number of days it took for sterile urine to occur or when recoloniza tion was observed. These 34 recolonizations by organsims with the same genus/species were then compared to eighteen episodes of recurrent bacteriur ia consisting of recolonization by different genus/ species that occurred at different times during the course of hospitalization in these same 22 patients. There were no significant differences in the time that it took bacteria to recolonize whether they were of the same or different genus/species ( Table 2) . When the 34 recolonizations were then grouped according to whether they were relapsing or recurrent, based on either PA or RLFP, 18 were relapsing and 16 recurrent. The difference between the mean time from sterile urine to identification of a recolonization in these two groups, just reached the level of significance (P> 0.04). The mean time for relapsing bacteria was 10.3 days and for recurrent bacteria it was 15.9 days (Table 3) . When the 34 recolonizations were next grouped according to whether an intervening organism had inhabited the bladder in between the recoloniza tions, it was found as expected, that the intervening organism delayed the recolonization of the original genus/species. Intervening organisms included Acine tobactor sp., Enterococcus faecalis, Staphytococcus sp. and Streptococcus sp. The difference was significant at P>0.005 (Table 4) . Twenty recolonizations did not have an intervening organism between the first and second occurrences while 14 did. Of the 20 recoloniza tions without an intervening organism, 13 were relapses and seven were recurrences. Of the fourteen recolonizations that did have an intervening organism, only five were relapses and nine were recurrences ( Table 5) . The difference betwen relapses without an intervening organisms versus those with intervening organisms, failed to reach statistical significance, ie, Table 5 ). The alpha level of 0.05 was chosen for all statistical analyses in the study. Since it is realized that most clinical laboratories will not have PA or RFLP to help make the determination as to relapsing versus recurrent bacteriuria, the results of PA/RFLP were compared to an analyses of the antibiograms for each recolonization pair. The antibiograms agreed with the PA/RFLP in all but one case (r = 0.94, P < 0.001) ( Table 6 ).
Discussion
These data indicate the proclivity for two common Gram negative, normal bowel inhabitants to recolonize the neuropathic bladder of spinal cord injured patients. It was found in this study to occur in nearly 20% of all SCI patients treated with Ie. PA and RFLP as well as the clinical antibiogram provide a means for discrimi nating between relapses by the same organisms versus recurrences by a different strain of the same genus/ species. This discrimination is of some clinical importance since repeated urinary tract colonizations with the same genus/species are often presumed to be relapsing bacteriuria. Relapsing bacteriuria may indicate an abnormality within the urinary tract such as calculus, a urethral/vesical diverticulum or chronic prostatitis. However, recolonization occurred in 18.5% of the 119 patients enrolled in this study, all of whom had absence of any GU pathology and 53% of these 22 had a reemergence of the identical strain of bacteria. Further, 16 of 34 (47%) recolonizations by the same genus/species were in fact entirely different strains and therefore their recolonizations bore no such implica tions. Thus as previous work has shown, 8 recoloniza tion by the same genus/species, even when both colonizations are of identical strain does not necessa rily signify the presence of GU pathology. When the abnormal conditions mentioned have been ruled out, this work supports a previous conclusion that patients with recolonization of the urinary tract can be managed expectantly if they are asymptomatic or with the appropriate antibiotic if symptomatic. Those recolonizations that are relapsing tend to recur sooner than those of different strains and may be suspected when relapse occurs within 2 weeks of the cessation of a 7 day course of antibiotics. While an intervening organism may delay a recolonization, it does not necessarily prevent it and identical organisms may reappear even after effective treatment has been carried out for both the original organism and the intervening one.
Why these relapses occur is open to question. One possibility is that the bowel serves as a reservoir for these organisms. The organisms may spread from the perianal area to the meatus of the urethra and be introduced during the intermittent catheterization technique. If this were the case, one would expect that more attention to the detail of preparation for catheterization such as aggressive perineal hygiene, and/or better catheterization techniques would reduce the frequency of all recolonizations, not just those of the same genus/species. 8 , 14 Bennett reported a higher incidence of bacterial colonization with E. coli in women and believed this may be eXflained by closer bowel-urethral proximity in females. 4 In the present study, no significant differences between males and females were found with regard to the incidence of initial colonizations or recolonizations with E. coli or K. pneumoniae (P=0.09).
A second possibility is that the bacteria involved in the recolonizations, primarily E. coli and K. pneumoniae, have bacterial bio-films that are capable of surrounding the bladder epithelium and the antibiotics chosen were ineffective in penetrating the bio-films and removing the bacteria. ls In this regard the authors noted no apparent differences between antibiotics chosen as to the recurrences of these organisms in this study. Prophylactic antibiotics were not used.
In any event, those relapsing recolonizations that were harbored within the host between recolonizations were somehow protected from the antibiotics to which they were sensitive.
Conclusions
Depsite the advantages of using intermittent catheter ization during the acute phase of rehabilitation, patients were still vulnerable to bacterial colonization of the urinary tract. Recolonization of the acute SCI neuropathic bladder by the same genus/species may also occur and be due to identical (relapsing) or different (recurrent) strains. PA and RFLP permit precise determination of these two entities. In this series just over half (53 %) of the recolonizations were due to an identical strain even in the absence of GU pathology. Recolonization by the same strain tends to recur sooner than those of different strains. Growth of an intervening organism between recolonizations by the same genus delays the genus' reappearance but does not prevent it and may only mask its persistence.
While recolonizations with no intervening organism between them were more likely to be identical (relapsing bacteriuria) this did not reach statistical significance (P=O.09). Nevertheless 5/14 (36%) of recolonizations following an intervening organism were relapses. Thus if relapses indicate persistence of an organism within the host, even two courses of effective antibiotics may not remove it. These data support the theory that when patients are managed by intermittent catheterization and treated for bacteriuria, certain bacteria may remain within the body untouched by antibiotics and then recolonize the bladder. The clinician may rely on the antibiogram to determine whether a particular recolonization by the same genus/species is due to an identical strain or not.
